Objective: Thoracoscopic (video-assisted thoracoscopic surgery (VATS)) lobectomy is a safe and effective method for treating early-stage lung cancer. Despite this, it is still not widely practised, which could be due to a shallow learning curve. We have evaluated the surgical outcome in a training programme at an institution with an established VATS lobectomy programme. We present the surgical data and outcome of the first 50 intended VATS lobectomies performed by a consultant in training as the primary surgeon. Methods: Data were obtained from a prospectively registered surgical database consisting of 262 consecutively intended VATS lobectomies. A single consultant performed 212 intended VATS lobectomies. His first 50 intended VATS lobectomies were excluded, as they were considered to be his learning curve, leaving 162 intended VATS lobectomies, of which 12 were converted to open lobectomy, performed from January 2005 to April 2008. Fifty intended VATS lobectomies were performed by a consultant in a training programme for VATS lobectomies, of which three were converted to open lobectomy from April 2007 to April 2008. The training consultant was experienced in open thoracic surgery and had performed more than 200 minor VATS procedures prior to the training programme. The surgical data and outcome between the 47 VATS lobectomies were compared with the 150 VATS lobectomies performed by the experienced consultant using statistical analysis. Results: There were significantly better results for the training consultant regarding prolonged air leak, chest tube duration and length of stay, which probably reflects the careful selection of the patients favouring the training consultant. The operation time was significant longer for the consultant in training ( p < 0.0001). Conclusions: With careful selection of patients, VATS lobectomy can be taught safely in a surgical institution experienced in VATS lobectomies. Using statistical analysis, the surgical outcome for the training consultant was acceptable in comparison to the outcome of the experienced consultant. The consultant in training did spend more time in the operating theatre ( p < 0.0001) and we recommend taking that into account when planning future training programmes in VATS lobectomy. #
Introduction
Thoracoscopic (video-assisted thoracoscopic surgery (VATS)) lobectomy has been performed since 1991 [1] . Since that initial report, multiple publications have demonstrated the safety and oncologic efficacy of VATS lobectomy [2] [3] [4] . Advantages reported for this technique include reduced perioperative pain [5] [6] [7] , shorter hospital stay [5] , more rapid resumption of normal daily activities [8] , less impairment in pulmonary function postoperatively [6, 7] , less impairment in shoulder function [9] , reduced cytokine release [6, 10] , improved delivery of adjuvant chemotherapy [11] and economically advantageous [12] . A recent systematic review even suggests that there might be an improved survival rate favouring VATS lobectomy for patients with early-stage lung cancer [13] .
Despite these reported advantages, the procedure is still performed at relatively few centres, which could be due to a rather shallow learning curve. The procedure is technically demanding and has a potential risk of uncontrollable pulmonary haemorrhage.
Experts believe the learning curve to consist of 50 VATS lobectomies [14] . This article evaluates the surgical outcome of a training programme consisting of 50 intended VATS lobectomies performed by a consultant in training at an institution with an established VATS lobectomy programme.
Methods

Patients
Data were obtained from a prospective surgical database of 262 consecutive intended VATS lobectomies from January 
Procedure
We used an anterior approach with two ports and a 5-cm utility incision. Patients were positioned in the lateral decubitus after double-lumen intubation for lung isolation. Two monitors were placed on each side of the table with the surgeon and the assistant positioned anterior to the patient. The scrub nurse was standing on the opposite side to the assistant. A 5-cm utility incision was performed just anterior to the edge of the latissimus dorsi muscle in the 4th intercostals space, splitting the serratus anterior muscle along the direction of its muscle fibres without using a rib retractor. A 308, 10 mm thoracoscope (Endoeye, Olympus, Hamburg, Germany) was introduced and the thoracic cavity was evaluated with regard to unexpected pathology, adhesions and the level of the diaphragm. Then, an additional 10-mm port was placed anterior at the level of the diaphragm used for the thoracoscope and an additional 15-mm port posterior at the level of the diaphragm. Lobectomy was performed in a fashion similar to that of an open lobectomy with anatomical dissection of the hilum, but strictly based on monitor. The pulmonary vein, the bronchus and the branches from the pulmonary artery were dissected individually and divided using an endoscopic-stapling device (endoGIA, Covidien plc, Norwalk, Connecticut, United States). The specimen was retrieved using an endoscopic bag. Systematic mediastinal lymph node dissection was then performed, removing fatty tissue and lymph nodes from stations 2, 3, 4, 7, 8 and 9 on the right side and stations 5, 6, 7, 8 and 9 on the left side, according to the Mountain classification [15] . In case of conversion, the anterior incision was extended to an anterolateral thoracotomy.
All patients underwent a pulmonary function test, bronchoscopy and computerised tomography (CT) scan of the chest and upper abdomen. The mediastinum was further evaluated with positron emission tomography (PET), endobronchial ultrasound (EBUS), endo-oesophageal ultrasound (EUS) or mediastinoscopy before pulmonary resection.
Exclusion criteria for VATS lobectomy included tumour size >6 cm, suspected chest-wall or diaphragm involvement and centrally located tumours, visible by bronchoscopy, possibly requiring sleeve resection or pneumonectomy. For patients with severe co-morbidity, suspected N1 disease, former radiation or former thoracic surgery on the same side was not considered to be an exclusion criterion, but, preferably, these VATS lobectomies were performed by the experienced consultant.
Statistical analysis
Operative mortality included patients who died within 30 days. Continuous variables were expressed as median and range. Categorical values were analysed by Fischer's exact test. Mann-Whitney U test were used for comparison of continuous variables. p Values <0.05 were considered statistically significant.
Results
The dataset was 100% complete. Patient characteristics such as age, sex and preoperative pulmonary function expressed as FEV1 for the 47 VATS lobectomies performed by the training consultant and the 150 VATS lobectomies performed by the experienced consultant, respectively, are shown in Table 1 . Table 2 shows that there was a predominance of lower lobes and middle lobes operated upon by the training consultant to the extent of 58% versus 31% operated upon by the experienced consultant in accordance with the intended selection at the beginning } } 
of the programme. Furthermore, the experienced consultant performed six VATS lobectomies together with a wedge resection and six VATS bilobectomies: four upper bilobectomies and two lower bilobectomies. The training consultant did not perform any lobectomies combined with a wedge resection or any bilobectomy. Table 3 lists the histology for the VATS lobectomies performed by the training consultant and the experienced consultant, respectively. In both groups, there was a predominance of lung cancer and the most common histological diagnosis was adenocarcinoma, which was expected due to the often peripheral location of adenocarcinomas. The pathological TNM (tumour, node, metastasis) stage is listed in Table 4 for the 39 patients with lung cancer, who underwent a VATS lobectomy by the training surgeon, and the 139 patients with lung cancer, who underwent a VATS lobectomy by the experienced consultant. Most patients had early-stage lung cancer: 74% in the group performed by the training consultant and 76% in the group performed by the experienced consultant. A total of 14% of patients in the group operated upon by the experienced consultant were in stage 3 or 4 versus 5% in the group operated upon by the training consultant, reflecting the preoperative selection of patients. The patients in stage 3 were due to unforeseen N2 disease -more than one tumour in the same lobe or invasion of the pericardium (T4). The patients classified as stage 4 were either due to tumour in one of the other lobes on the same side or radically resected cerebral metastases prior to surgery. Table 5 shows the surgical outcome for the 47 VATS lobectomies performed by the training consultant and the 150 VATS lobectomies performed by the experienced consultant. The conversion rate was 6% and 7%, respectively. Of the three conversions performed by the training consultant, the first two were due to bleeding from the pulmonary artery and one due to adhesions in a left upper lobectomy performed on a patient who had a prior coronary bypass operation. One out of the three conversions was complicated with empyema and the patient underwent re-thoracotomy with decortication. The remaining two conversions had uneventful courses. There was no statistical significant difference between the VATS lobectomies performed by the experienced consultant and the training consultant with regard to perioperative bleeding, need for transfusion or 30-day mortality. The one patient who died had a perforated ulcer on postoperative day 9 and an emergency laparotomy, but died on day 11 due to multiorgan failure. Duration of chest tube and length of stay was statistically significant in favour of the training consultant ( p < 0.03 and p < 0.008, respectively). The training consultant did spend significantly more time in the operation theatre than the experienced consultant ( p < 0.0001).
Complications to the 47 and 150 VATS lobectomies, respectively, are listed in Table 6 . There was no statistically significant difference between the complications in the two groups except for prolonged air leak, which was at 15% for the training consultant versus 31% for the experienced consultant ( p < 0.02). Two of the four patients with multi-organ failure, who had a VATS lobectomy by the experienced consultant, died on postoperative day 40 and 46, respectively. The Table 4 Pathological staging of lung cancer.
Training consultant (n = 39)
Experienced consultant (n = 139) remaining two patients survived after a long stay at the intensive care unit.
Discussion
A recent survey performed on behalf of the European Society of Thoracic Surgeons (ESTS) indicates that among the younger generation of thoracic surgeons in Europe, there is a belief that the opportunity for a progressive move toward the routine use of less-invasive approaches for major pulmonary resections is already well within sight [16] . Therefore, we expect that there will be a need for training programmes in VATS lobectomies.
Ferguson and Walker showed in 2006 that VATS lobectomies can be taught safely to trainees, with no increase in intraoperative blood loss, morbidity, mortality or postoperative stay, but with a significant increase in operating time and they suggested that training should be co-ordinated at a national level [17] . To learn VATS lobectomy, Ng and Ryder proposed a gradual transition from a posterolateral thoracotomy to muscle-sparing lateral thoracotomy and, ultimately to VATS lobectomy [18] . Wan et al. demonstrated that VATS lobectomies could be safely taught to trainees supervised by an experienced VATS surgeon [19] .
The consultant in this training programme assisted the experienced consultant in more than 50 VATS lobectomies.
When he performed open lobectomies, he changed the approach from a muscle-sparing posterolateral thoracotomy to an anterolateral thoracotomy. He performed more than 200 less-advanced VATS procedures and attended courses in VATS lobectomies. Introduction to VATS lobectomy was done gradually with dividing the lower pulmonary ligament or dissection of the vein. The experienced consultant supervised the first eight VATS lobectomies. Thereafter, the training consultant was operating alone, but the experienced consultant was often available for good advice. The 50 intended VATS lobectomies were performed within 1 year, which we believe is very important for the learning curve. Reed et al. recommended a model with a stepwise introduction to VATS lobectomy, very similar to our approach [20] . During the training programme, the consultant in training visited other centres with expertise in VATS lobectomy. Because the institution has a relatively high volume of VATS lobectomies, it allows for a selection of VATS lobectomies in favour of a training surgeon. A case of a small peripheral tumour in a lower lobe is ideal in the beginning of the programme. Furthermore, supervision by an experienced VATS surgeon can save the training surgeon from a rather high conversion rate as reported by self-trained surgeons in the beginning of their programmes [17] .
A recently developed simulator using virtual reality in laparoscopy has proved to increase the performance level of novices to that of intermediately experienced laparoscopists and reduce the operating time by 50% in a randomised controlled trial [21] . The future development and use of simulators may promote learning VATS lobectomy and making the learning curve less shallow [22] .
Conclusion
We have shown that, with careful selection of patients, VATS lobectomy can be taught safely in a surgical institution experienced in VATS lobectomies. The surgical outcome for the training consultant was acceptable in comparison to the outcome of the experienced consultant using statistical analysis. The consultant in training did spend more time in the operating theatre ( p < 0.0001), and we recommend taking that into account when planning future training programmes in VATS lobectomy. More important than the issue of whether an individual thoracic surgeon decides to embark on establishing a thoracoscopic lobectomy programme is the overall effect on society. We recently presented outcomes from the Society of Thoracic Surgery database demonstrating a complication rate 20% lower for thoracoscopic lobectomy compared to open lobectomy using a case-matched propensity analysis. The cumulative health care benefits from either a national or international perspective are considerable. In addition, there was a recent paper published by Mr Walker demonstrating lower cost for thoracoscopic lobectomy in his unit, and we will present a paper on cost later today. Thus, the concept of teaching thoracoscopic lobectomy effectively should be considered of paramount importance for our speciality, and this study illuminates many of the important issues associated with this effort. And I have three questions.
The series presented in the manuscript assumes a learning curve of 50 cases. How was that assumption derived and what is your thought about how we define the learning curve, either using operative times, conversion rates, incidence of intraoperative complications, or other parameters, and when do you know you are ready to go on to stage II and stage III patients?
Secondly, the study describes experience with a young consultant surgeon with thoracoscopic lobectomy. What is your success in teaching this operation to trainees in a training programme? Do you use simulation to enhance training and do you think the use of simulation techniques would improve the slope of the learning curve and increase the adoption of the procedure?
And lastly, how would you advise a new consultant regarding the appropriate training to embark on an independent program of thorascopic lobectomy? In addition to the exposure during the training programme, what other steps should be taken to obtain other experience, what to measure during the learning curve, and how do you assemble your operative team?
Dr Petersen: The assumption of 50 VATS lobectomies as a definition of learning curve came from this recently published paper in Thoracic Surgery Clinic by McKenna where he states the prerequisites for developing a VATS lobectomy programme. He advises to have performed at least 100 less advanced VATS procedures, and convert your open strategy from a posterolateral to an anterior muscle-sparing thoracotomy. You should have a volume of at least 25 VATS lobectomies per year, and he states that most surgeons feel it takes about 50 procedures to be comfortable with the procedure. That is where my assumption came from.
My thoughts as to how to define a learning curve is that having completed your learning curve, as a surgeon, I think you should be able to perform all types of lobectomy. You should be able to manage an incomplete fissure, and manage adhesions. Your operating time should have reached a steady state at a reasonable level, for example, three hours. You should have a conversion rate below 10%, and your intraoperative complications should be at least comparable to what you have experienced in open surgery.
Regarding question two, we do not have any experience with simulated training, but I have read a paper from a group from Japan. They have developed a simulator which I believe seems promising. I have no hands-on experience with it, though. A recent paper from our institution from the gynecological department published in the British Medical Journal just a few weeks ago states that a recently developed simulator using virtual reality in laparoscopy has proved to increase the performance level of novices to that of intermediately experienced laparoscopists and to reduce the operating time by 50% in a randomised controlled setting. So I do believe that simulators in the future will make the learning curve less steep and thereby promoting hopefully more centres to take up VATS lobectomy.
Regarding question three, our advice for a new consultant training for a VATS programme would be that you should have performed at least 100 less advanced VATS procedures like wedge resections, pleural biopsies, to get acquainted with the setup, the port placement, and working with the thoracoscope and a monitor.
Regarding open lobectomies, you should have performed at least 50, I think, and preferably from an anterior approach if you use our approach. You should have attended the formal VATS courses, and we would advise to go to an institution with a high volume of VATS lobectomies to learn the procedure, for example, a fellowship or something like that, making selection and supervision by an experienced VATS surgeon possible. And further, we recommend a stepwise introduction to the operative techniques, beginning with dividing the lower pulmonary ligament, move on to dissection of the vein before performing a complete VATS lobectomy. And you should have the opportunities for a fair volume of at least 25 VATS lobectomies a year. Dr Petersen: I will take question two first. I had three conversions; two were due to bleeding from the pulmonary artery and the last one was a patient with former bypass surgery where I had to perform a left upper lobe lobectomy and I couldn't do it, so I had to convert. These were the unexpected findings. There were none in the others.
And your last question as to how to palpate the lung, I think this approach, the anterior approach, makes it possible. If you divide the lower ligament I think you can in most cases palpate the lung completely, and we always make sure where the tumour is before we proceed with the operation.
And the first question, can you please repeat it? Dr Vagvolgyi: The longest period of time to the operation after the CT had been performed. What is the period of time from the CT to the operation, usually?
Dr Petersen: We have a national guarantee that we should operate on the patient within two weeks after referral, and we try to do that.
Dr V. Petrauskas (Klaipeda, Lithuania): We already have 60 VATS lobectomy experience, and I would like to ask you to comment from your experience in not only VATS surgery but even from open surgery experience. For example, you perform an operation, you send frozen express diagnostic to the pathologist, you get the answer -adenocarcinoma. You perform a lobectomy, it is VATS or open, not significant, and after one week or 10 days you get the answer: small cell lung cancer. So had you such examples in your practice or is it impossible in your hospital?
Dr Petersen: Yes, we have the strategy that a single nodule, if the patient has had a former cancer, we perform only the wedge resection. We wait for final histology to see if it is nonsmall cell lung cancer, and then we do a completion VATS lobectomy approximately two weeks after the initial wedge resection. If the patient has not had a former cancer, is a heavy smoker, and there is a nodule suspicious of lung cancer, we begin with a VATS, we do a wedge resection, send the specimen for frozen section, and wait for the answer. And if the pathologist can say, we have a very skilled pathologist, that this is a nonsmall cell lung cancer, we perform the lobectomy at the same time.
